HISTORICALLY a large number of plant products (leaves, fruit, roots) have been used in the treatment of common maladies in both humans and animals, however, as`modern medicines' (i.e. commercial pharmaceuticals) came on the market, the use of so-called natural products waned and in some cases disappeared altogether. One such natural product is red raspberry (Rubus idaeus). Raspberries are a common culinary item and the leaves, roots and fruit also have long tradition as medicinal agents (D'Amelio 1999 , Blumenthal 1998 . Infusions from the leaves are believed to lower blood glucose levels in animals and are also traditionally used for easing childbirth-related muscle spasms, morning sickness and for colds, sore throats and diarrhoea in children (Blumenthal 1998, Fentrow and Avila 1999) . Raspberry leaf tea given for the last 4±6 weeks of pregnancy has also been advocated to assist foaling in horses (Self, 1997) . The roots of the plant are described as being the most biologically active and traditional uses include wound cleansing and relief from sore throats. In addition the seed oil has been found to be an excellent antioxidant and can be incorporated into a variety of anti-inflammatory products (Oomah et al 2000) .
It is the fruit, however, that is recorded as being used as a diarrhoea remedy by both the early American and early Australian settlers (Keville 1991, Fentrow and Avila 1999) . Indeed, raspberry juice cordial is used to such an extent in the Riverina area of New South Wales, coastal Queensland, Western Australia, Northern Territory and Victoria that its use is now a part of normal life.
In some farming districts of Australia raspberry juice cordial is routinely added to the drinking water of pigs, cattle, chickens and even humans to prevent the onset, or cure the symptoms, of gastroenteritis (personal communication Mr J. Broster, School of Agriculture, Charles Sturt University). Even commercial parrot/ finch breeders and chicken factories add the cordial to the birds' drinking water to prevent gastroenteritis and Salmonella infection in their flocks with the recommendation being made that`adding raspberry cordial will help to keep your budgie's water clean and bacteria free' (Budgerigar Council of Victoria 1987) . However, there is also a warning`be wary of this technique with show birds, as a raspberry stain down the front of the bird will not be viewed favourably by the judges' (Upson 1998).
Despite this widespread belief in the anti-diarrhoeal and anti-bacterial properties of red raspberry there is little or no scientific evidence to support its use. While the effects of leaf extracts on the uterus are believed to be due to the fragarine component (Fentrow and Avila 1999) , the tannins and other astringent compounds are thought to be responsible for its beneficial actions in diarrhoea and inflammation (Bissett 1994) . There is, however, some suggestion from anecdotal use that the fruit and leaves may also contain components that are antimicrobial.
MATERIAL AND METHODS

Test substances
All test substances were derived from the European raspberry (Rubus idaeus).
Raspberry cordial: a commercial Australian brand of raspberry cordial (35 per cent pure fruit juice) was obtained at a local supermarket. Cordial was diluted in sterile deionised water and filtered (0Á25 mm syringe filter, Sartorius). Undiluted cordial was stored at room temperature as per manufacturer's instructions.
Raspberry juice: frozen whole raspberries were purchased from a local supermarket. The fruit was thawed at room temperature and placed in a blender (3 min) to liquidise the fruit. The liquid was subsequently sieved through sterile muslin, filtered (0Á25 mm filter, Sartorius) and used immediately.
Raspberry tea: a commercial brand of raspberry leaf tea was purchased from a local health food shop. The leaf was infused in boiling water for 20 minutes, under foil to prevent any vapour loss, at three different strengths; 2Á5, 5 and 10 per cent. Leaves were removed from the infusion by passing the teas through filter paper and subsequently through a 0Á25 mm syringe filter (Sartorius).
Raspberry leaf extract: fresh leaves were removed from branches and weighed. Both ethanol and water leaf extracts were subsequently prepared. Leaves were either homogenised in 90 per cent ethanol or sterile deionised water at constant ratio of 5 mL liquid to 1 g of leaf tissue. The suspensions were centrifuged (4K for 5 min) and the supernatant passed through a 0Á25 mm syringe filter (Sartorius).
Control substances
Normal growth of the microorganisms was evaluated by growth on nutrient agar at appropriate conditions (37 C, aerobic or anaerobic as required) in the absence of any test substance. Anaerobic conditions were achieved by placing agar plates in a`GasPak' anaerobic jar (Sigma). An additional sugar control for the raspberry cordial was also included. The manufacturers of the cordial recommend a final dilution of 1 part cordial in 4 parts water and report the glucose content of the diluted cordial as 8Á5 per cent. A control glucose solution was prepared at 42Á5 per cent (undiluted equivalent) in warm sterile water, filtered (0Á25 mm syringe filter, Sartorius) and stored at 4 C.
Microorganisms and media
A variety of microorganisms (Table 1) , which differ in cell structure, biochemical properties and growth conditions were used in antimicrobial assays. All organisms were grown on nutrient broth (10 g tryptone, 5 g yeast extract, 10 g sodium chloride, water to 1 litre) and/or nutrient agar (as for nutrient broth plus 15 g agar per litre of medium). All assays were repeated, independently, at least twice. All organisms were originally obtained from the culture collection of the University of New South Wales.
Antimicrobial assay. Dilutions of each test substance were prepared in either cooled (42 C) molten nutrient agar (2 ml of test substance plus 8 ml of agar for 1 : 5 dilution and 1 ml test substance plus 9 ml agar for 1 : 10 dilutions) or pre-diluted in sterile deionised water (10 À1 to 10 À4 ) before adding 1 ml of each dilution to a further 9 ml of molten agar, giving final concentrations of 10 À2 ± 10 À5 . The 10 ml of each diluted test substance was subsequently placed in a sterile Petri dish and allowed to set. A loop of each microorganism, taken from a fresh 24 hour broth culture, was then streaked onto a plate of each test substance at each concentration after the method of Mitscher et al (1972) . The plates were then incubated at appropriate growth conditions and checked after 24 and 48 hours. Control plates consisted of agar containing either 10 ml nutrient agar alone, 10 per cent sterile deionised water (produces normal growth of all microorganisms) or commercial antibiotics. Antibiotic controls consisted of either streptomycin sulphate (final concentration 10 mg ml À1 ; a known inhibitor of growth of the S. aureus, E. coli, S.typhimurium, M. phlei and Cl. perfringens strains used in this study) or amphotericin B (final concentration 10 mg ml À1 ; effective against the C. albicans and A. niger used in this study).
Disc diffusion assay. Twenty four hour broth cultures of bacteria were freshly prepared for each assay. Agar plates (15 ml agar) were prepared, allowed to set, then surface dried (37 C, 30 min). 1 ml of bacterial broth culture was subsequently poured evenly over the surface of the dried agar plates and the plates placed at 37
C for approximately 20 min until bacterial overlay has dried on surface. A 6 mm sterile disc was placed onto the dried surface, in the centre of the plate and 12 ml of test substance gently placed onto the disc. Plates were subsequently incubated at the appropriate temperature for 24 hours. Zones of inhibition were calculated by measuring diameter in mm (including disc).
RESULTS
The results of antimicrobial assays for raspberry tea, juice and cordial are shown in Table 1 . Clostridium perfringens was the only organism to demonstrate sensitivity to the tea infusion ( ! 0Á25 per cent). No other antimicrobial activity was detected for raspberry leaf tea at any concentration tested (highest final concentration tested 1 per cent). Raspberry juice, however, displayed total growth inhibition of S. aureus, E. coli, three Salmonella serovars, M. phlei, Cl. perfringens, A. faecalis, E. faecalis, Sh. sonnei and Methicillin resistant S. aureus (MRSA) at a concentration of 20 per cent and significant, or total, growth inhibition of the same organisms at a 10 per cent concentration.
P. aeruginosa was less susceptible to the juice than the other strains of bacteria tested. No antimicrobial activity was detected at a concentration of 1 per cent nor was any activity detected at any time against Candida or Aspergillus serovars In fact, a slight (approximately 10 per cent) increase in growth was noted with Aspergillus on agar containing 10 per cent and 1 per cent juice.
Similar results were obtained for the raspberry cordial (Table 1) with the exception that 20 per cent cordial failed to completely inhibit S. aureus, two of the three Salmonella serovars, Sh. sonnei and MRSA and, again, the slight increase in Aspergillus growth was noted. Unlike the juice, however, the cordial did inhibit the growth of C. albicans at a 20 per cent concentration. The glucose solution did not demonstrate growth inhibition of any organism tested but did show a slight increase (10 per cent) in growth of S. aureus, E. coli and Aspergillus (data not shown). One hundred per cent growth inhibition, except with MRSA, was detected throughout on the plates containing Amphotericin B and/or Streptomycin. No growth inhibition of any organism was associated with the water controls (data not shown).
Raspberry leaf extracts were prepared in both 90 per cent ethanol and sterile water. No difference in activity could be detected between the ethanol extract and a control 90 per cent ethanol solution in the standard antimicrobial assay. An alternative assay, disc diffusion, was therefore carried out, however, no differences between the ethanol extract and the ethanol control were detected. Results of both assays are presented in Table 2 . It would appear that neither the water nor the ethanol leaf extract had antimicrobial activity and that growth inhibition results were due simply to the presence of ethanol.
The manufacturer reports a final concentration of 8Á5 per cent sugar in the diluted cordial. To ensure that this sugar level was not antimicrobial in its own right, we carried out a series of tests on the sugar solution alone. At no time was any antimicrobial activity shown to be associated with the sugar solution alone, indicating that only results from 24 hours are presented, however, they are consistent with 48 hour incubation periods. All tests were performed in a minimum of two independent assays. the sugar is not responsible for the reduction in organism growth. In fact, many of the organisms tested demonstrated increased growth in the presence of 1 : 5 and 1 : 10 dilutions of the sugar solution.
DISCUSSION
Plants of the genus Rubus, (e.g. raspberry, blackberry, brambles) have been used medicinally for centuries as anti-diarrhoeic compounds and astringents for mouth ulcers and sore throats (Bisset 1994). Red raspberry (Rubus idaeus) in particular has a long tradition of use to strengthen and tone the uterus in pregnancy, as a curative for mouth ulcers, bleeding gums, inflammation, sore throat and, of course, diarrhoea (Beckett et al 1954. Mills and Bone 2000) . Further the use of raspberry as an anti-diarrhoeic and uterine tonic is not confined to humans. There is, however, a lack of scientific validation for many of the claims and there is no documented evidence of efficacy particularly with reference to the use of raspberry leaf infusions for use in gastrointestinal complaints.
In this study, both raspberry juice and cordial ( ! 10 per cent) demonstrated significant antimicrobial activity against Salmonella, Clostridium, Mycobacterium, Staphylococci and E. coli. Although frozen raspberries, rather than fresh, were utilised as a source of pure juice, this is unlikely to have had a significant effect as freeze/ thawing of raspberries has previously been demonstrated to have little effect on the chemical constituents (Kmiecik et al 1995) . Results obtained from the frozen fruit are therefore likely to be very similar to that of fresh fruit. Although little scientific evaluation of the bioactivity of raspberry juice has been carried out, some mention of the antimicrobial activity has been made. A study investigating the survival levels of S. enteritidis PT4 in home made ice-creams demonstrated that raspberry sorbet (pH 3Á73) proved to be lethal to a large inoculum of S. enteritidis and was suggested as one of the few relatively safe raw egg containing products (Morgan et al 1994) . The Salmonella serovars utilised in this study were also susceptible to raspberry juice, in addition to the cordial. Bacteria (mainly Salmonella and Campylobacter) are known to be the foremost cause of gastroenteritis in Australia with viral induced gastroenteritis being far less common (Communicable Disease Intelligence 2000) . Although any potential antiviral effects of raspberry juice were not evaluated in this study, the published literature suggests that viruses are less susceptible to the inhibitory actions of raspberries. An outbreak of 24 cases of Hepatitis A in Aberdeen, Scotland, was traced to a raspberry mousse prepared from frozen raspberries thought to be contaminated at the time of picking (Reid and Robinson 1987) . While in Quebec, Canada, more than 200 people were demonstrated to have contracted viral gastroenteritis after eating a sauce made from fresh raspberries (Gaulin et al 1999) .
Raspberry leaves are reputedly antimicrobial yet no antimicrobial activity was detected that could be solely attributed to the leaf extract (Fentrow and Avila 1999) .
Three concentrations of commercial raspberry tea were evaluated for antimicrobial activity, 2Á5 per cent, 5 per cent and 10 per cent (where an infusion of 2Á5 per cent represents the amount recommended by the manufacturer for a regular cup of tea). Only Clostridium was sensitive to the tea infusion, with the remainder of the organisms being unaffected. No antibacterial activity was demonstrated with either the water or ethanol extracts of the fresh leaves. Whether ingestion of raspberry leaf (fresh or dried) tea exerts its reputed therapeutic actions via an antimicrobial action or via an action on the cells or contents of the gastrointestinal tract is unknown. Further investigation of the microbiologically active constituent(s) in raspberry juice/cordial, antiviral activity and their effect in vivo is in progress.
It is known, however, that a number of factors can influence the antimicrobial activity of plant extracts including growth conditions, seasonal variations and extract methodology (Cowan 1999) . Fresh and dried plant products can be ingested as teas (plants seeped in hot water), inhaled via steam from boiling suspensions of the parts or as tinctures (plants in alcoholic solutions) (Brantner and Grein, 1994) . For the`home herbalist' water or alcohol (e.g. using a neutral spirit such as vodka) extractions can be used to produce medicinal products, however, hot water infusions (i.e. teas) are the usually means by which raspberry leaf is administered for gastrointestinal complaints. Water extraction should yield the majority of anthocyains, starches, saponins, polypeptides and lectins present, while ethanolic extracts would be expected to yield polyphenols, polyacetylenes, flavonol, sterols and alkaloids. Both water and ethanol will extract the majority of tannins and terpenoids present in the leaf material. Other constituents, however, such as phenones, lactones and fatty acids can only be obtained via alternative extraction methods (Cowan 1999) . Without detailed comparisons and optimisation of all possible leaf extraction methods, it could indicate a failure to detect any active components in the leaves. Comparisons of extraction methods are, however, currently under investigation.
It is also possible that preservatives contained in the cordial (sodium benzoate and sodium metabisulphide) contribute to its antibacterial actions. However as fruit cordials have a maximal permitted level of 230 mg kg À1 sulphur compounds and 800 mg kg À1 benzoates (Australian Food Standards 1997) it is unlikely that the levels in the diluted cordial are significantly antibacterial. Further, the similarity of results from pure fruit juice and the cordial makes it unlikely that additional agents (e.g. colour, preservatives, fruit acids) in the cordial are responsible for the antimicrobial activity.
While this study makes no comment regarding the effect of raspberry cordial on gastroenteritis in vivo, the bacteriological evidence suggests that consumption of raspberry cordial (35 per cent pure juice), at up to a 1 : 10 dilution, may aid in preventing transmission of bacterial gastroenteritis through contaminated water. This is, in fact, the foremost anecdotal use of this cordial. The current use of raspberry cordial by livestock farmers probably occurs at dilutions too low to be effective as, although some farmers report using a 1 : 10 dilution, others report using`a litre tipped into the trough' where the volume of the trough is unknown. Cage bird breeders, however, appear to be using what are probably effective concentrations (10 per cent). It would seem then, that this is yet another example where local practice, which at first seems unbelievable, may indeed have some scientific basis.
